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Abstract 
Scapholunate instability, caused mainly due to tears in the scapholunate interosseous ligament (SLIL), may result in chronic pain, 
hand weakness, and lack of motion. Several open surgery procedures are used to repair it however long recovery time, widespread 
scarring and movement limitations are associated. Focusing on arthroscopy surgery, the combination of arthroscopy techniques and 
a prosthesis could be a good solution to manage it. A new prosthesis to substitute the SLIL was designed and manufactured. The 
design process was assessed by expert surgeons in wrist arthroscopy and the prototype manufactured allowed to analyze advantages 
and drawbacks of the adopted solution.  
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1. Introduction  
As a result of falling on an outstretched pronated 
hand, carpal instability may occur. Scapholunate 
instability, the most common type of carpal instability, 
can result in severe pain, swelling, and lack of motion 
due to the rupture of one or more intercarpal ligaments 
[1,2]. Frequently, the scapholunate interosseous ligament 
(SLIL) is the most affected intercarpal ligament, and 
eventually, tears in the SLIL are known to produce 
intercarpal instability, alterations in the kinematic loads, 
and degeneration of the secondary stabilizers of the 
carpus leading to a dissociation and rotation of the 
scaphoid and lunate bones [3].  
Early detection and management of SLIL tears is 
essential to ensure a proper and successful evolution of 
the patients. If left untreated, the progression of the 
scapholunate instability may lead to carpal arthritis 
known as scapholunate advanced collapse (SLAC) [1,4]. 
Arthroscopy allows the direct observation of the intrinsic 
and extrinsic carpal ligaments under static and dynamic 
instability conditions, and therefore, it is commonly used 
as a minimally invasive technique to detect and diagnose 
accurately carpal ligament tears. When the diagnosis and 
treatment are done during the first six weeks after injury, 
very good results can be achieved [5]. If not, several 
surgical approaches have been recommended to manage 
SLIL chronic tears, including scaphotrapeziotrapezoidal 
and scaphocapitate fusion, capsulodesis, ligament repair 
with dorsal capsulodesis, tenodesis, and bone-ligament-
bone reconstruction [6]. However, most of these 
techniques involve open reconstruction very often 
associated with stiffness in the wrist joint, long recovery 
times, and widespread scarring [7]. On the other hand, 
arthroscopy has been used to manage mainly pre-
dynamic and dynamic scapholunate instabilities using 
different techniques such as debridement, 
radiofrequency thermal collagen shrinkage, and 
transarticular pinning (wire placement). However, many 
contraindications have been associated with these 
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techniques [8]. In this context, the management of SLIL 
tears is still a major concern in the medical field, and no 
optimal treatment strategy has been yet proposed. 
This paper presents an innovative prosthesis to 
replace the functionality of the scapholunate ligament. 
The whole design process and the results are completely 
detailed, the manufacturing of the first prototype is 
showed and the results are discussed.   
2. State of the art 
The methods for solving the SLIL instability were 
studied in three different ways: 1) scientific research, 2) 
benchmarking and 3) patents analysis. 
2.1. Scientific research   
Research trends can be classified into: a) implants 
analysis, b) prosthesis design, c) wrist behavior, d) 
surgery procedures, and e) design methodologies applied 
in medical devices.  
• Implants analysis. This field studies the effect of 
prostheses in the wrist. Ramakrishna et al. analyzed a 
silicone rubber implant to substitute the carpal lunate 
bone when the pain from Kienböck’s disease was 
presented [9]. Jay Menon [10] discussed the effect of 
a total wrist implant in patients suffering from 
arthritis. Both were pioneers in this research. More 
recently Amit Gupta [11] and Astor Reigstad, et al. 
[12] continued in this direction using more novelty 
concepts of total wrist implants. L. Filan, et al. [13] 
analyzed the Herbet screw used to repair a scaphoid 
bone fracture. Soroush Assari, et al. analyzed 
different screw designs used currently to solve of 
bone fracture [14].  
• Prosthesis design. This field includes researches 
focused on developing prostheses for solving 
problems related to the wrist.  For example, Omar and 
Hubach proposed total modular wrist prosthesis [15] 
while Shepherd and Johnstone [16] propose a new 
design concept for wrist arthroplasty considering the 
motions and forces to assemble radial, plate, carpal 
and flexible parts. 
• Wrist behavior. The wrist is also being studied from 
movements and forces point of view. M. Foumani et 
al. [17] measured tendon loadings on carpal 
kinematics in-vitro. The effects resulted quite 
significant during flexion-extension movements and 
radio-ulnar deviation. On the other hand, Fotios V. 
Nikolopoulos [18] et al. studied the biomechanical 
properties of the three parts of the scapholunate 
ligament (dorsal, palmar and intermediate). The 
results showed that dorsal and palmar portions 
contribute approximately 50% of the tensile force and 
therefore, the palmar portion should also be 
considered in the surgery process. Often these studies 
are used to create finite element method (FEM) 
models that let to analyze deeper the wrist behavior 
and the prosthesis effects.  D. Ulrich et al. [19] 
analyzed the bone fragility in osteoporosis disease 
using a FEM to apply forces in the trabecular bone, 
obtaining as result a breakage prediction. F. Ezquerro 
et al. [20] used FEM technique to analyze the right 
position to fix the fractured scaphoid bone using 
Kirschner wires. M. K. Gislason et al. [21] studied the 
reactions of the wrist when a load was applied during 
the grip, obtaining a very high region of stress in the  
radial aspect of the carpus. 
• Surgery procedures.  Gschwend and Scheier 
attempted the first total wrist arthroplasty in 1969 [8]. 
Nowadays the problem of scapholunate ligament 
repair is mostly solved through open surgery, but the 
arthroscopy is considered a good option too. 
Regarding the arthroscopic surgery, Ferreira and 
González [22] consider that has become the “gold 
standard” for the scapholunate ligament injury. 
Martín Caloia et al. [23] questioned the feasibility of 
this surgery in this problem.  
• Design methodologies for creating medical devices. 
There are some researchers who use design 
methodologies for creating medical devices. For 
example, Hans Bernhard [24] applied the systematic 
procedure [25] to design acoustic hearing implants.  
2.2. Benchmarking  
Nowadays, there are different types of wrist implants 
in the market. Some are used to replace several bones of 
the wrist and others to replace completely the wrist. RE-
MOTION™ Total Wrist System is designed for minimal 
resection of the distal radius and carpal bones. 
Maestro™ Total Wrist System is a treatment for SLAC 
(Scapholunate Advanced Collapse) and other functional 
deformities. Biax™ Total Wrist System is indicated to 
replace the wrist joints disabled by rheumatoid arthritis, 
deformity and or limited motion. Others implants have 
been designed to fix very small bone fragments, like 
HerbertTM Bone Screw andmHCS 2.4/3.0 Screw. 
Although both solve fractures in the scaphoid bone, they 
limit its movements. 
2.3. Patens  analysis 
Several patents have been developed for solving wrist 
problems. However three patens can be found to repair 
or replace the scapholunate ligament. The first one, 
US0306480A1 (Wilson, 2008), includes two plates 
connected by a rotatable rod, making it difficult to be 
inserted by arthroscopy surgery. The others, 
US0177291A1 (Jensen and Steven, 2008) and 
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US0076504A1 (McNamara and Muñoz, 2010),   propose 
prostheses based on cylindrical and aligned elements 
which connect the bones allowing displacements and 
movements among them. Both can be inserted by 
arthroscopy surgery. 
Fig. 1. Design and manufacturing activities 
Methodology  
The prosthesis was designed and a first prototype 
manufactured. During the design process, the systematic 
design methodology proposed by Phal & Beitz [25] was 
applied. The Figure 1 shows the activities carried out to 
gather the main design concepts After the evaluation of 
the concepts with expert doctors, the final selection was 
refined. The shape and the geometry were refined, and 
the material and preliminary manufacturing processes 
were selected. Finally in detail design phase the drawing 
were completed. Regarding the manufacturing process 
(Fig. 1), first the final process for manufacturing the 
prosthesis was chosen, next the tools and fixtures were 
designed and manufactured, and finally a first prototype 
of the prosthesis was produced. 
3. New implant design process  
Customer needs satisfaction is essential to assure the 
success of the final design [25, 26]. Therefore, gathering 
information from expert doctors and patients was 
required in this case. On the other hand, the functional 
analysis of the product was also required for knowing in 
detail all the functions that the product has to satisfy. In 
this analysis tree levels of functions decomposition were 
deployed. The main functionality ‘F0_To replace the 
scapholunate intermediate ligament’ was broken down in 
four subfunctions:  ‘F1_To keep the scaphoid and lunate 
separated’, ‘F2_To support the loads’, ‘F3_To allow 
bone movements’, and ‘T4_Assure the bone integration’. 
Next, in the first level: a) F1 was decomposed in two 
more functions: ‘F11_ To keep the distance between the 
bones’ and ‘F12_To maintain the relative angle between 
the bones’, b) F2 was divided in all the efforts to be 
supported by the prosthesis which include: axial, flexion, 
torsion and fatigue, and finally c) F3 was subdivided in 
all the movements to be carried out by the bones: 
flexion, extension, radial deviation, cubital deviation, 
pronation  and supination.  
Considering the design domains structure proposed 
by Axiomatic Design Theory the customer needs (CNs) 
and functions compiled in the Customer Domain have to 
be defined by functional requirements (FRs) and 
constraints (Cs) in the Functional Domain.A functional 
requirement (FR) represents what the product has to do 
independently of any possible solution [25], and has to 
be written in a way that it can be ranked, traced, 
measured, verified, and validated [27].  A FR is defined 
by mean of the function and the qualifiers [27-26], see 
Table 1. The function represents what the product has to 
satisfy and it is expressed by an active verb and an 
object [25], [26]. The qualifiers represent the constraints 
(Cs) joined to the function and limit the possible design 
solutions. There are two kinds of constrains [26]: 
functional and design constraints (Table 1).  Functional 
constraints are those which limit directly the function 
either before the action is executed or after applying the 
action. Design constraints are the limitations related 
directly to the component’s physical definition (like 
Cs2) or the ones that come from the conditions where 
the action is being carried out (like Cs1). At least one 
functional constraints has to be defined to each FR, and 
each FR, can be limited by more than one design 
constraint [26] 
The information to quantify the functional 
requirements and constraints was obtained from different 
sources. For example, those quantifiers related to loads 
and movements (FR21 and FR31) were obtained from 
the scientific literature whereas those related to anatomy 
or surgery process came from the doctors’ expertise 
(FR11, FR12, Cs2, Cs6 or Cs7). When the quantitative 
value is not available, the FRs cannot be measured 
neither validated consequently it is difficult to know if it 
is being fulfilled or not.  
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 Table 1. Identification of functional requirements (FRs) and design 
constraints (Cs) for the implant design device. 
FUNTIONAL REQUIREMENTS 
ŽĚĞ &ƵŶĐƚŝŽŶ &ƵŶĐƚŝŽŶĂůĐŽŶƐƚƌĂŝŶƚ 
FR11 To keep the scaphoid and lunate 
bones  separated at the distance d 
 
1 2 mm 5 mmd− ≤ ≤
 
FR12 To allow relative motion  between 
the scaphoid and lunate bones 
Flexion, extension, 
deviation. 
FR21 To  support axial  loads  28±8,6 N [27] 
FR31 To allow flexion movement  76º  [28]   
 DESIGN CONSTRAINT  
ŽĚĞ ĞƐĐƌŝƉƚŝŽŶ YƵĂŶƚŝĨŝĞƌ 
Cs1 Implant Biocompatible materials List
Cs2 Implant Maximum dimensions Diameter: 4mm  
Length: 25 mm 
Cs4 Easy to insert Subjective
Cs5 Easy to remove Subjective
Cs6 Maximum Internal hole diameter Internal diameter 1 
mm
Cs7 Self-rotating thread Pitch (mm)
 
Considering the result of the functional analyses, a 
morphological matrix was done by combining ideas of 
concepts that lead to possible solutions. Therefore, 
possible ‘hows’ were identified to each function from 
the first and second level of the functional analysis. 
Table 2 shows a synthesis of the results.  
Table 2. Synthesis of the morphological matrix 
Function 1 2 3 4 
F0 Open 
Surgery 
Arthroscopy 
Surgery 
  
F1 Fixed 
distance 
Variable 
distance 
Fixed 
position 
Variable 
position 
F2 Circular Variable Plain Braided 
F3 Rigid Flexible Elastic  
F4 Thread Press Fit Self-
rotating 
Rounded 
 
The combination of these ideas provided two main 
design concepts called the compact system (concept 1) 
and the ball-and socket-ball system (concept 2), see Fig. 
2. Both can be inserted by arthroscopy surgery but they 
are quite different. The compact system is cylindrical 
with a variable length system that allows us to vary the 
position and the distance between the two bones due to 
the material elastic properties. In this concept, the bone 
integration to the implant is achieved by using a rounded 
system. The ball-and socket-ball system only allows to 
vary the position keeping fixed the distance, the 
geometry is quite variable and the integration with the 
bone is done by a press fit system. Three main reasons 
were given by the doctors to choose  the compact 
system: 1) the movements are less limited due to the 
elasticity of the material; 2) it is easier to insert and 
remove, and 3) it is a very novel idea to solve this 
problem. From engineering point of view, the first 
concept contains fewer parts and therefore the 
manufacturing process will be more manageable. 
 
 
 
 
 
Fig. 2. Conceptual design: compact system (concept 1) and ball-and 
socket-ball system (concept 2) 
After several meetings between doctors and designers, 
the compact system refinement was achieved through 
three different stages which are shown in Fig 3.  
• Stage 1: First the intermediate join was moved to the 
end of the device to avoid problems. After analyzing 
the system inserted in the bones (Fig 4) and 
discussing with the doctors, the team work decided 
that the bones could be damaged by this union. Next, 
the rigid ends were changed to cylindrical shape with 
a little conic degree and threads were added to 
improve the bone fixation and integration. The union 
between the rigid and elastic parts was shaped by 
rectangular slots to improve the fixation among them. 
Inside of the prosthesis a hole was introduced. This 
hole has a hexagonal end to transmit the rotational 
movement during the insertion of the prosthesis into 
the bones.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Evolution of the compact system. 
• Stage 2: The conic shape was removed from the 
scaphoid part leaving it cylindrical. This shape is 
enough to assure the assembly in the bone. The 
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internal hole is completely hexagonal to improve the 
transmission of the torque while the prosthesis is 
being inserted during the surgery process.   
• Stage 3: A team work meeting with the doctors lead 
to the final design. First both rigid parts scaphoid and 
lunate were adapted with self-tapping screws threads 
similar to the screws used in the medical field. The 
internal part of the prosthesis was completely circular 
holed due to the use of a Kirschner needle (1 mm 
diameter) during the surgery process to guide the 
device. And finally some essential dimensions were 
also adjusted, like diameter and length.   
The compact system includes three different parts 
called: scaphoid part (rigid), lunate part (rigid) and 
elastic part.  
 
 
 
 
 
 
 
 
 
 
Fig. 4. Compact system (concept 1) inserted between scaphoid and 
lunate bones. 
The final design was refined to obtain the final draw 
with all the dimensions, materials and details to be 
manufactured. Since the prosthesis length is less than 20 
mm and it has a maximum diameter of 3 mm, this 
implant device can be considered as a micro part. The 
material chosen for the rigid parts was biocompatible 
titanium whereas for the elastic part the biocompatible 
rubber platinum (LSR) was chosen. Finally in the design 
process the device was inserted in a real situation using 
images processed from a CT scan. Figure 5 shows the 
prosthesis design system.   
 
 
 
 
 
 
Fig. 5. Final scapholunate prosthesis inserted in the bones 
4. Prototype manufacturing  
The strategy to manufacture the design was to pour 
the silicon inside of a mold that contained the rigid parts. 
Consequently several tasks were carried out (Fig.6). 
First the scaphoid and lunate parts were manufactured 
using an Okuma lathe available in our laboratory. 
Considering the capabilities of this machine several tests 
related to manufacturing strategies, tools and materials 
were needed to obtain the final parts. On the other side, 
the mold was designed in two different versions, one 
rectangular and other cylindrical. Although the 
rectangular mold seamed more suitable to make the 
pouring process, the cylindrical one was chosen due to 
the easiness to make it in our lab. The external 
manufacturing of the mold and other parts had increased 
the development time and product cost, and considering 
that it is the first prototype it was not desirable. In the 
pouring process first the titanium parts and the Kirschner 
needle were introduced in the mold, second the silicon 
was poured, third the mold was closed and finally 
introduced in an oven to cure the silicon material. In the 
final task, the mold was removed carefully to avoid 
damaging the final prosthesis. 
As commented during this section this first prototype 
was manufactured using machines available in our lab 
which generally are focused on meso-manufacturing. 
Consequently several manufacturing tests were needed 
and the final quality of the prosthesis was not as higher 
as expected.  
Fig. 6. Manufacturing steps 
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5. Conclusions  
A novel device to manage the instability of the 
scapholunate interosseous ligament (SLIL) has been 
proposed. The main advantages that the doctors 
remarked were: a) the combination of rigid and elastic 
materials to let the variation of the relative distance and 
the position between the bones, b) easiness to be 
inserted, c) the simplicity of the design, a unique piece 
that avoid assembles during the surgery process.  In 
addition all the information and knowledge captured and 
formalized during the application of the rigorous and 
systematic design methodology could be used for 
proposing other designs quickly and assuring that the 
customer’s needs are satisfied.  Although is a good 
design approach, it should be improved from material 
point of view. According to the doctors these kind of 
silicon is not suitable in this case and the union cannot 
be guarantee.  
Regarding to the manufacturing process, micro 
manufacturing machines should use for manufacturing 
the prototype. New technologies such as ultrasonic 
molding, extrusion or injection for the final assembly 
and micromachining for the rigid parts and the mould 
should be analyzed. Consequently the elastic material 
could be better processed and its union with the rigid 
parts better achieved. 
Further a finite analysis (FEM) would be required to 
know exactly the behavior of this prosthesis in the bones 
from movements and loads point of view.  
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